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© Apparatus for hemodiafiltration treatment 



© The apparatus comprises: a dialyser (2) which 
delimits an extra-corporeal blood circuit from a cir- 
cuit in which the dialysing liquid circulates; a dif- 
ferential How meter (16) having two tubes traversed 
in countercurrent by the flow of liquid which a first 
duct (6) carries to the dialyser and by the output 
flow from this via a second duct (7), and an electric 
unit (17) which generates a signal proportional to the 
mass flow rate difference between these flows; a 
third duct (8) branching from the first duct, which 



infuses a quantity of liquid into the blood; and a 
central control unit (21) which processes the signal 
generated by the unit and which controls a pump 
installed in the second duct in such a way that along 
this flows a quantity which is the sum of the quantity 
of liquid sent to the dialyser, the quantity of liquid 
subtracted from the patient relating to the predeter- 
mined weight loss, and a quantity of water equal to 
the quantity of infused liquid. 
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The present invention relates to apparatus for 
hemodiafiltration treatment. 

As is known, hemodiafiltration treatment in- 
volves a filtration of the patient's blood through a 
dialyser and, contemporaneously, but with a circuit 
separate from the filtration circuit, an infusion of 
dialysing liquid in the blood circuit downstream of 
the dialyser. The quantity of liquid which leaves the 
dialyser must be the sum of the quantity of fresh 
dialysing liquid which enters the dialyser and the 
quantity of water and metabolic waste withdrawn in 
the dialyser from the patient's blood. The said 
quantity of water and metabolic waste must in turn 
be the sum of the patient's set weight loss and a 
quantity equal to the quantity of infused liquid. In 
currently available apparatus the detection and 
management of the hydraulic balance just indicated 
is the most important problem in that it is neces- 
sary to have detection devices for each flow and in 
particular a first detection device for detecting the 
quantity of fresh dialysing liquid delivered by a 
pump to the dialyser, a second detector, normally 
constituted by an electronic balance, for detecting 
the quantity of infusion liquid delivered by a peri- 
staltic pump, a third detector for detecting the 
quantity of liquid leaving the dialyser, and some- 
times a fourth detector normally constituted by a 
balance for detecting the loss from the patient. 
These detection devices measure the absolute val- 
ue of the quantities being measured whether these 
are weight, volume or mass flow rate, so that 
measurement errors caused by the type of detector 
utilised can arise here. These errors can add to- 
gether and give rise to an incorrect hydraulic bal- 
ance, which balance is essential for the good per- 
formance of the dialysing session since if the hy- 
draulic balance is not regular the patient can mani- 
fest negative symptoms which sometimes are ex- 
tremely dangerous, such as, for example, a cardio- 
circulatory collapse. It is therefore necessary to 
determine with absolute certainty that the quantity 
of liquid leaving the dialyser must be equal to the 
sum of the quantity of fresh dialysing liquid deliv- 
ered to the dialyser, the programmed loss from the 
patient, and a quantity equal to that of the infusion 
liquid. 

The object of the present invention is that of 
providing apparatus for hemodiafiltration treatment 
which will be free from the stated disadvantages. 

According to the present invention there is 
provided apparatus for hemodiafitration treatment 
comprising: 

a dialyser having a membrane which separates 
a first circuit in which a patient's blood circulates 
from a second circuit in which the dialysing liquid 
circulates, the first circuit having a first or input 
duct in which a first pump is installed, and a 
second or output duct; 



a third duct which forms part of the said sec- 
ond circuit in which the fresh dialysing liquid cir- 
culates, which leads to the said dialyser, and in 
which a second pump is installed; and 

5 a fourth duct which forms part of the said 

second circuit, which extends from the said dia- 
lyser, and in which a third pump is installed; 
characterised by the fact that it includes: 
a fifth duct in which a fourth pump is installed, 

70 the said fifth duct branching from the said third 
duct, and joining the said second duct and which 
therefore infuses a predetermined quantity of dia- 
lysing liquid into the patient's blood; 

a differential flow meter having first and second 

75 substantially U-shaped tubes of the same shape 
and longitudinal extent, lying in the same plane and 
traversed by a respective fluid in countercurrent, 
the first tube being installed between two parts of 
the said third duct between the said second pump 

20 and the branching point of the said fifth duct such 
that the first fluid is constituted by the quantity of 
fresh dialysing liquid which is the sum of the quan- 
tity delivered to the said dialyser and the quantity 
infused into the patient's blood, and the second 

25 tube being installed between two parts of the said 
fourth duct downstream of the said third pump 
such that the second fluid is constituted by the 
quantity of fresh dialysing liquid delivered to the 
said dialyser and the quantity of liquid extracted 

30 from the patient's blood; 

an electric unit in the said differential flow 
meter and operable to generate an electrical signal 
proportional to the difference in masc flow rate 
between the said flows which flow through the said 

35 tubes; and 

an electronic central control unit operable to 
process the signal generated by the said unit and 
to control the said third pump in such a way that 
the flow through the said fourth duct is the quantity 

40 of fluid extracted from the said dialyser the sum of 
the quantity of dialysing liquid delivered to the said 
dialyser, the quantity of water and metabolic waste 
withdrawn from the patient, which are related to the 
weight loss thereof, which is a value set in the said 

45 central control unit, and a quantity of water equal to 
the quantity of infused liquid. 

For a better understanding of the present in- 
vention a preferred embodiment is now described, 
purely by way of non-limitative example, with refer- 
so ence to the attached drawings, in which: 

Figure 1 is a block schematic diagram of ap- 
paratus formed according to the principles of the 
present invention; and 

Figure 2 is a front view of a component of the 
55 apparatus of Figure 1 . 

As illustrated in Figure 1 apparatus for 
hemodiafiltration treatment is generally indicated 
with the reference numeral 1 and comprises: 
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a dialyser 2 which as is known has a mem- 
brane 3 which separates a. first extra-corporeal 
blood circuit defined by an input duct 4 and an 
output duct 5, from a second circuit in which the 
dialysing liquid circulates; 

a duct 6 which forms part of the said second 
circuit in which the fresh dialysing liquid circulates, 
and which leads to the dialyser 2; 

a duct 7 which forms part of the second circuit 
and which extends from the dialyser 2; 

a duct 8 branching from the duct 6 and which 
joins the duct 5; 

a pump 11 installed in the duct 4; 

a pump 12 installed in the duct 6 upstream 
from the branching point of the duct 8; 

a pump 13 installed in the duct 7 immediately 
downstream of the dialyser 2; 

a pump 14 installed in the duct 8; 

a device 15 operable to measure the value of 
the pressure in the duct 7 upstream of the pump 
13; 

a differential flow meter 16 installed in the duct 
6 between the pump 12 and the branching point of 
the duct 8 and in the duct 7 downstream of the 
pump 13; 

an electric unit 17 defined in the differential 
flow meter 16 and representative both of an elec- 
tromagnet 18 and a device for generating an elec- 
trical signal proportional to the mass flow rate dif- 
ference between the flows which traverse the flow 
meter 16; and 

an electronic central control unit 21 operable to 
process the signal generated by the unit 17 and to 
control the pump 1 3. 

By means of the associated motors 22, 23, 24 
and 25 the central control unit 21 operates to 
control the pumps 11, 12, 13 and 14. Preferably, 
the pumps 11 and 14 are of peristaltic type. In use 
the quantities of infusion liquid and fresh dialysing 
liquid delivered to the dialyser 2, the quantity of 
blood put into circulation, and the hourly loss from 
the patient are decided by the medical operative 
on the basis of the patient's conditions. The ap- 
paratus 1 further includes two filters 26 and 27, the 
first installed in the duct 6 between the flow meter 
16 and the branching point of the duct 8, and the 
second installed in the duct 8 downstream of the 
pump 14. 

The differential flow meter is a device which 
detects the mass flow rate difference between two 
flows and which generates an electrical signal pro- 
portional to this difference. Essentially the differen- 
tial flow meter has two tubes of small diameter 
through which flows a fluid in counter current. 
These tubes are similar to one another, have the 
same longitudinal extent and, by means of a cros- 
sover between respective central portions are 
made to lie in substantially the same plane. By 



means of an electromagnet acting on the crossover 
zone the assembly comprising the two tubes is 
made to oscillate at the resonant frequency of the 
overall assembly. If the flow rates along the tubes 

5 are the same the oscillation of the central portions 
takes place in the same plane, If the flow rates are 
different the so-called Coriolis forces due to the 
Coriolis principle cause an inclination of the centra! 
portions with respect to the said plane. The angle 

10 of inclination is proportional to the difference in the 
flow rates so that by measuring this angle it is 
possible to generate a corresponding signal. 

Two different structures of differential flow me- 
ter are described in Italian Patent Application No 

75 20312 A/86 filed 6 May 1986 and in Italian Indus- 
trial Utility Model application filed 8 February 1990 
under Application No 4721 B/90. These applica- 
tions have been filed by the same applicant as the 
applicant for the present invention and are incor- 

20 porated herein by reference as far as necessary. 

In use the data relating to the quantity of fresh 
dialysing liquid which is delivered to the dialyser 2 
and the quantity of this liquid which infuses into the 
patient's blood is set into the central control unit 

25 21 . On the basis of this data the central control unit 
suitably controls the pumps 12 and 14 in such a 
way that the sum of these quantities flows in the 
first tube of the flow meter 16. Data relating to the 
quantity of blood put into circulation by the pump 

30 11 is also set into the central control unit 21. 
Finally, the patient's programmed loss, that is to 
say the imbalance between the mass flow rates of 
the fluids which flow in the flow meter is set into 
the central control unit 21 in such a way as to 

35 determine the value of the electrical signal gen- 
erated by the unit 17 relating to this imbalance. In 
this way the central control unit 21, on the basis of 
the electrical signal from the unit 17, can drive the 
pump 13 in such a way that a quantity of fluid 

40 which determines the set imbalance flows along 
the second tube of the flow meter 16. It will appear 
evident that in the apparatus 1 the difference be- 
tween the flows is evaluated not the absolute value 
of these and therefore, in the flow meter 16, a 

45 difference is evaluated with an intrinsic precision in 
this latter device. 

For a better understanding of the present in- 
vention a differentia! flow meter having a structure 
as described in the Italian Industrial Utility model 

so application filed 8 February 1990 under Application 
No 4721 B/90 will now be described with reference 
to Figure 2. The flow meter 16 comprises two 
tubes 31 and 32 through which flow, in countercur- 
rent, two flows #1 and <f>2 and is provided with 

55 means for detecting the mass flow rate difference 
(grammes/minute) of the two flows 4>1 and £2. The 
tubes 31 and 32 are of small diameter, of inverted 
U-shape and are fixed to a base body 33 in which 
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the hydraulic connections between these and re- 
spective ducts are formed. The tubes 31 and 32 lie 
in the same plane and are identical to one another 
in length. Moreover, the tubes 31 and 32 have the 
same shape with respect to the direction of the 
flow which passes through them. The tube 31 has 
a central portion 34 parallel to the longitudinal axis 
of the body 33 but defined by two parallel rectilin- 
ear parts 34a and 34b, of the same longitudinal 
extent but at a different distance from the body 33. 
The tube 32 has a central portion 35 parallel to the 
portion 34, of the same longitudinal extent and also 
defined by two parallel rectilinear parts 35a and 
35b, of the same longitudinal extent but at a dif- 
ferent distance from the body 33. The part 35a lies 
at a lower level than that of the part 35b and in 
particular lies immediately beneath the part 34a 
and coaxial with the part 34b. The part 35b lies 
above the part 34b and coaxial with the part 34a. 
There is thus defined a crossover between the 
portions 34 and 35 in their intermediate zone at 
which there is formed a fixing weld. 

From each portion 34 and 35 extend two rec- 
tilinear lateral arms which are fixedly joined, by 
welding, to the base body 33. From the parts 34a 
and 35a extend respective arms 36 and 37, whilst 
from the parts 34b and 35b extend respective arms 
38 and 41. The arm 36 defines an obtuse angle 
with the part 34a whilst the arm 37 defines an 
acute angle with the part 35a. This acute angle is 
supplementary to the obtuse angle just mentioned, 
that is to say their sum is an angle of 180*. The 
arm 38 defines an acute angle with the part 34b 
equal to that defined between the arm 37 and the 
part 35a, whilst the arm 41 defines an obtuse angle 
with the part 35b equal to that defined between the 
arms 36 and the part 34a. 

Sections of the ducts mentioned during the 
description of Figure 1 are connected by hydraulic 
couplings to the arms 36, 37, 38 and 41 at the 
base body. In particular, the arm 36 is connected 
to an initial section 6a of the duct 6 in which the 
pump 12 is installed, the arm 38 is connected to a 
second section 6b of the duct 6 in which the filter 
26 is installed, the arm 41 is connected to a first 
section 7a of the duct 7 in which the pump 13 is 
installed, and the arm 37 is connected to a second 
section 7b of the duct 7 which carries the fluid 
towards a discharge not illustrated. 

The flow meter 16 includes an electric device 
operable to cause oscillation at the resonant fre- 
quency of the system defined by the tubes 31 and 
32 about an axis defined by linking the points 
where the arms 36, 37, 38 and 41 meet the base 
body 33. The said electrical device includes the 
electromagnet 18 having an electrical winding 41 
fixed to a fixed body, and a permanent magnet 43. 
This is a bar magnet and is fixed by welding or 



soldering to the portions 34 and 35 at their cros- 
sover point. The magnet 43 has an axis orthogonal 
to the portions 34 and 35 and parallel to the body 
33. 

5 The flow meter 16 is provided with a second 

electrical device operable to generate an electrical 
signal proportional to the angle of inclination of the 
portions 34 and 35 with respect to a reference axis 
defined by these and relative to an oscillation of 

m the tubes 31 and 32 when the same mass flow rate 
flows in them. This second device includes two 
electrical coils 44 each of which is coupled to a 
permanent magnet 45. The flow meter 16 includes 
two brackets 46 one fixed to the parts 34a and 35a 

75 at a first end of the portions 34 and 35, and the 
second fixed to the parts 34b and 35b at a second 
end, opposite the first, of the portions 34 and 35. 
Each bracket 46 supports one of the coils 44 which 
therefore oscillates together with the system. In a 

20 manner not illustrated the magnets 4? are fixed to 
a fixed body. 

From what has been described the numerous 
advantages consequent on the present invention 
are evident. 

25 In particular, the apparatus utilises a differential 

flow meter which evaluates the difference between 
the quantity of fresh dialysing liquid, the sum of 
that sent to the dialyser and that infused into the 
patient's blood, and the quantity of fluid extracted 

30 from the dialyser the sum of the liquid delivered to 
the dialyser, the water and metabolic wastes sub- 
tracted from the patient, and which relate to the 
patient's weight loss, and a quantity of water equal 
to the quantity of infused liquid. In substance, with 

35 the use of the differential flow meter there is ob- 
tained an absolute certainty of subtraction with 
extreme precision, together with a quantity relating 
only to the patient's weight loss, a quantity equal to 
that of the infused liquid. Consequently, even if the 

40 quantity to be infused is set in an imperfectly 
precise manner or even if the infused quantity, due 
to errors in the peristaltic pump, is not equal to the 
programmed quantity, the quantity of infused liquid 
does not influence the patient's weight loss in that 

45 the exact quantity infused is subtracted in any 
event The apparatus of the present invention, not 
being provided with flow measuring devices is thus 
of smaller dimensions, simple construction and 
generally is tolerant of errors in these devices. 

so A further but nonetheless important advantage 

of the apparatus of the present invention lies in the 
fact that the infused liquid is constituted by the 
fresh dialysing liquid which, as is known, is pre- 
pared from time to time for each dialysing session. 

55 Consequently the disadvantages which are encoun- 
tered by utilising the usual infusion bags are over- 
come at a stroke; for example the need for a 
balance for detecting the infused quantity, the fact 
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that the liquid to be infused is prepared before 
hand and therefore can be subject to degradation, 
and the storage of such bags which requires labour 
and appropriate space are all overcome. 

Finally, it is clear that the apparatus as de- 
scribed and illustrated here can be made with 
modifications and variations without by this depart- 
ing from the protective ambit of the present inven- 
tion. 

Claims 

1. Apparatus for hemodiafitration treatment com- 
prising: 

a dialyser (2) having a membrane (3) 
which separates a first circuit in which a pa- 
tient's blood circulates from a second circuit in 
which the diatysing liquid circulates, the first 
circuit having a first or input duct (4) in which a 
first pump (11) is installed, and a second or 
output duct (5); 

a third duct (6) which forms part of the 
said second circuit in which the fresh dialysing 
liquid circulates, which leads to the said dia- 
lyser (2), and in which a second pump (12) is 
installed; and 

a fourth duct (7) which forms part of the 
said second circuit, which extends from the 
said dialyser (2), and in which a third pump 
(13) is installed; 

characterised by the tact that it includes: 

a fifth duct (8) in which a fourth pump (14) 
is installed, the said fifth duct (8) branching 
from the said third duct (6), and joining the 
said second duct (5) and which therefore in- 
fuses a predetermined quantity of dialysing 
liquid into the patient's blood; 

a differential flow meter (16) having first 
and second substantially U-shaped tubes (31, 
32) of the same shape and longitudinal extent, 
lying in the same plane and traversed by a 
respective fluid (<f>l and <f>2) in countercurrent, 
the first tube (31) being installed between two 
parts (6a and 6b) of the said third duct be- 
tween the said second pump (12) and the 
branching point of the said fifth duct (8) such 
that the first fluid is constituted by the quantity 
of fresh dialysing liquid which is the sum of the 
quantity delivered to the said dialyser and the 
quantity infused into the patient's blood, and 
the second tube (32) being installed between 
two parts (7a and 7b) of the said fourth duct 
(7) downstream of the said third pump (13) 
such that the second fluid is constituted by the 
quantity of fresh dialysing liquid delivered to 
the said dialyser (2) and the quantity of liquid 
extracted from the patient's blood; 

an electric unit (17) in the said differential 



flow meter (16), operable to generate an elec- 
trical signal proportional to the difference in 
mass flow rate between the said flows which 
flow through the said tubes (31 and 32); and 

5 an electronic central control unit (21) op- 

erable to process the signal generated by the 
said unit (17) and to control the said third 
pump (13) in such a way that the flow through 
the said fourth duct (7) is the quantity of fluid 

w extracted from the said dialyser (2) the sum of 

the quantity of dialysing liquid delivered to the 
said dialyser (2), the quantity of water and 
metabolic waste withdrawn from the patient, 
which are related to the weight loss thereof, 

75 which is a value set in the said central control 

unit (21), and a quantity of water equal to the 
quantity of infused liquid. 

2. Apparatus according to Claim 1, characterised 
20 by the fact that on the basis of data set into 

the central control unit (21) and relating to the 
quantity of fresh dialysing liquid to be delivery 
to the said dialyser (2) and to the quantity of 
the said liquid to be infused into the patient's 
25 blood, controls the said second and fourth 

pumps (12) and (14) in such a way that along 
the said first tube (31) of the said flow meter 
(16) flows the sum of these quantities. 

30 3. Apparatus according to at least one of the 
preceding Claims, characterised by the fact 
that the said central control unit (21) controls 
the said first pump (11) on the basis of data 
set into it relating to the quantity of blood to be 

35 put into circulation. 

4. Apparatus according to at least one of the 
preceding Claims, characterised by the fact 
that, on the basis of the patient's programme 

4o weight loss, programmed into the said central 

control unit (21), that is to say on the basis of 
the set imbalance between the mass flow rates 
of the fluids which flow in the said tubes (31 
and 32), and if the electrical signal generated 

45 by the said block (17) is of a different value 

from the value of the electrical signal relating 
to the set imbalance, the said central control 
unit (21) controls the said third pump (13) so 
that along the said second tube (32) of the said 

so flow meter (16) flows a quantity of fluid which 

restores the set imbalance. 

5. Apparatus according to at least one of the 
preceding Claims, characterised by the fact 

55 that it includes a first filter (26) installed in the 

said third tube (6) between the said flow meter 
(16) and the branching point of the said fifth 
duct (8). 
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6. Apparatus according to at least one of the 
preceding Claims, characterised by the fact 
that it includes a second filter (27) installed in 
the fifth duct (8). 

5 

7. Apparatus according to at least one of the 
preceding Claims, characterised by the fact 
that the said first and fourth pumps (11, 14) are 
of peristaltic type. 

10 
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